The goal of this paper is to assess the impact of reservoirs on the water quality of watercourses in the urbanized catchment. To realize this goal Oruński Stream catchment was characterized with particular emphasis on retention reservoirs located within the catchment. Studies carried out were to show that these retention reservoirs change the water quality of the stream flowing through it and what the direction of these changes is.
Introduction
Cities are characterized by a high level of anthropogenic transformation of the environment. Cities interact strongly on the quantity and quality of water circulating within their borders (Słomka et al. 2007 ). Transformation of water circulation within cities concerns not only streams. Many small natural ponds that have a significant impact on runoff in urban catchments are back filling, draining or altering. Ponds are often replaced by artificial reservoirs. Scientists in different ways estimate the impact of artificial reservoirs in urban runoff and water quality of the streams that flow through them. Some believe that these reservoirs reduce the self-cleaning ability of flowing waters, because they accumulate pollution provided by the stream only for a while (Przewoźniak 2002) . Others believe that these reservoirs contribute to a sustainable improvement of water quality -overgrown vegetation acts as a biofilter, cleansing water flowing from the urban areas (Mioduszewski 2006) .
Searching for new directions for the effective use of existing objects in order to protect the environment, research is carried out on the importance of retention reservoirs in shaping the water quality of the stream flowing through it. Urban reservoirs generally are characterized by shallow depth and intensive exchange of water. These characteristics are important in the circulation of matter. The intensity of accumulation of biogenic substances in the reservoir depends mainly on the season, the size of incoming loads of pollution and the retention time (Koc et al. 2009 ).
The goal of this paper is to indicate the role of artificial reservoirs, built in Gdansk in the last 10 years, in the transformation and retention of biogenic substances. Moreover, the paper assessed what influence reservoirs built on a stream have in transforming the water's physico-chemical composition and in which periods these changes are greatest.
Study area
The hydrographic network of Oruński Stream catchment drains the eastern edge of the Kashubian Lakeland and is a part of one larger hydrographic entity, which is the Radunia Canal catchment. The Oruński Stream catchment area is 16.52 km 2 , and it is located in the South urban district, one of the most dynamically growing quarters of Gdańsk with a still considerable untapped potential for new development. The source sections of Oruński Stream are located near potential sources of pollution (Fig.1) . The most important of these sources, the Waste Treatment Plant (Gdańsk-Szadółki), is located in the source section of Kozacki Stream, which flows into one of the analysed reservoirs. Simultaneously, the upper courses of Oruński and the Kozacki streams are located in the immediate vicinity of the Tri-City ring road, which also affects the quality of water streams flowing through reservoirs (Staszek et al. 2007 , were built in the catchment of Oruński Stream as a result of this programme's assumptions. Two of them (Świetokrzyska 1 and Świętokrzyska 2) are the biggest and the retention capacity is 80% of the volume of all reservoirs located in the basin of Oruński Stream.
Świętokrzyska 1 reservoir was built at the outlet of Kozacki Stream (Fig.1) . The reservoir Świętokrzyska 1 covers an area of 7 hectares, and its maximum depth is 2.6 metres. It may retain up to 80 dam 3 of water (Table 1). The construction works on the reservoir were commenced in April and finalized in November 2002.
Świętokrzyska 2 reservoir ( Fig.1 ) was built in a natural basin terrain through which Oruński Stream flowed. The reservoir Świętokrzyska 2 covers an area of 7.5 ha, and its maximum depth is 1.6 m. It is able to retain more than 52 dam 3 of water ( Table 1) 
Methods
Water quality assessments were carried out following chemical analyses in four measurement profiles. Two profiles were located on tributaries to the Świętokrzyska 1 reservoir (profile No. 1 and No. 2), one on Oruński Stream between Świętokrzyska 1 and Świętokrzyska 2 reservoirs (profile 3) and one at the outlet of Oruński Stream from Świętokrzyska 2 reservoir (profile 4) (Fig. 1 ). Discharge and water quality measurements were not taken in the reservoirs' subcatchments.
Water samples for the analyses were taken once a month from May 2009 to April 2010 and simultaneously measurements of discharge of Oruński Stream and its tributary were performed. Discharge measurements were performed using Electromagnetic Flow Meter Valeport 801. The water samples were collected on the surface with a Bürkle telescopic rod beaker. Chemical analyses were performed in the hydrochemical laboratory at the Hydrology Department of the Univeristy of Gdańsk's Institute of Geography. Total phosphorus, phosphates, total nitrogen, nitrate, nitrite, and ammonia were determined using a colorimetric technique with a photoLab Spectra spectophotometer. Organic nitrogen concentration was determined with the estimation method.
Results

Concentrations of biogenic compounds
Out of the two main watercourse tributaries to Świętokrzyska 1 reservoir, Kozacki Stream (profile 1) was characterized by higher concentrations of nitrogen compounds with the exception of dioxinitrites. The retention reservoirs contributed to the reduction in concentrations of all nitrogen compounds, except organic nitrogen, the concentrations of which increased in reservoir outflows. The amount of phosphate concentration was characterized by a higher value in profile 1 than in profile 2, and total phosphorus concentrations were lowest in this profile (Table 2 ).
In the case of phosphates, the reservoirs also demonstrated a reductive influence as lower concentrations were recorded in their outflows. The largest range of variety of all the analysed nitrogen and phosphorus compounds was recorded in profile 1 (Kozacki Stream) whereas the lowest range was recorded in profile 4 ( Table 2) .
Loads of biogenic compounds
Oruński and the Kozacki streams in the study period contributed almost 2000 kg of total nitrogen to Świętokrzyska 1 reservoir. The value of the annual total nitrogen load from the reservoir by the watercourses was 2017 kg. The difference in the nitrogen input contributed to and carried away from the reservoir proved insignificant at just above 1% (Fig. 2) . At the same time the other reservoir on Oruński Stream, Świętokrzyska 2, released 1927 kg of total nitrogen, which was more than 4% less than had been contributed to it (Fig. 2) .
Following the analysis of the various forms of nitrogen, one arrives at the conclusion that mineral nitrogen dominates all measurement profiles. However, the reservoirs supported a reduction in mineral nitrogen forms in the watercourses flowing into Świętokrzyska 1 reservoir as mineral nitrogen amounted to 86% (including profile 1 and 2). The percentage in the outflow from this reservoir decreased to 81%, while the outflow from the next reservoir further decreased to 74% (Fig. 4) . The percentage of organic nitrogen increased by 12%. The initial value of 14% on the tributaries to Świętokrzyska 1 reservoir increased to 19% on its outflow, and at the outlet of the next reservoir increased to 26% (Fig. 4) . The overall total phosphorus load to Świętokrzyska 1 reservoir at the study period amounted to 137 kg. The value of the annual total phosphorus load carried away from the reservoir via watercourses amounted to 123 kg and was 10% less than the volume contributed to it (Fig. 3) . Simultaneously, the other reservoir on Oruński Stream, Świętokrzyska 2, released increased amounts of phosphorus. Total loads carried away with Oruński Stream waters from that reservoir amounted to 147 kg and was almost 20% higher than the loads contributed by the stream (Fig. 3) . In all measurement profiles phosphates were not a dominant form. In the water contributed by watercourses to the reservoir the percentage of phosphate was 37%. The volume of phosphates increased to 40% on the outflow from this reservoir while it dropped to 32% on the outflow from the next reservoir (Fig. 5) . Fig. 5 . Percentage of phosphates in total phosphorus loads The assessment of the impact of retention reservoirs on the water quality of streams in urban areas 
Seasonal variability of total phosphorus and nitrogen retention in the reservoirs
A time distribution analysis of variability of total nitrogen load retention shows that Świętokrzyska 1 reservoir was characterized by the release of nitrogen compounds in May, June, September, January and April, with the highest value (317%) recorded in June. By contrast, the months when the largest reduction in total nitrogen came on the record were February and March (-201% and -125% respectively) . At the same time, Świętokrzyska 1 reservoir demonstrated the largest range of changes (518%). Świętokrzyska 2 reservoir was characterized by releasing total nitrogen from July to September as well as in November and, additionally, from December to February. The largest load of nitrogen to Oruński Stream waters was released in January (50%). June was the month when the largest reduction in total nitrogen was recorded (-108%) (Fig. 6A) .
A time distribution analysis of variability of total phosphorus load retention shows that Świętokrzyska 1 reservoir was characterized by an increased release of phosphorus loads to the stream in May, June and September. Additionally, an increase in the release of total phosphorus was recorded in April. Simultaneously the highest increase in total phosphorus loads (409%) was recorded in June while the month with the most significant reduction in total phosphorus was February (-304%). The largest range of changes in total phosphorus load retention, as in the case of nitrogen, was characteristic of the first reservoir on Oruński Stream (713%). The second reservoir was characterized by the release of phosphorus compounds in July, August, and during the period from November to March, with the largest total phosphorus load released to Oruński Stream waters in March (72%). The month with the most significant reduction in total phosphorus was July (-175%) (Fig. 6B) .
July was also the month of the largest increase in loads of phosphorus and nitrogen in the upper reservoir while the most significant reduction in biogenic substances was recorded in the bottom one. In the case of the upper reservoir the highest retention of biogenic substances was observed in the winter months, with a maximum in February (Fig. 6 ).
Conclusion
The analyses results showed seasonal variations of biogenic compounds transported by watercourses.
The results showed that the retention reservoirs had a reducing influence on the concentrations of biogenic substances. The reservoirs have contributed to the increase in concentration only in the case of organic nitrogen.
The research also showed that the reservoirs equalize and stabilize the water quality, contributing to the reduction in the main variation of nutrient concentrations during the year.
The overall impact of reservoirs on changes in the size of the total nitrogen loads was low in the study period (<10%), while the observed monthly variation in nitrogen retention (especially in the upper reservoir) was higher. Subsequent changes in the size of the load of total phosphorus were observed in the case when the stream flowed through the next reservoirs.
The upper reservoir was observed to have influence in reducing the loads (for the entire study period), while the lower reservoir would increase the loads.
The observed increase in the load may be connected both with physical and biochemical processes occurring in the reservoir or with an additional pollution load contributed to it from its uncontrolled immediate catchment.
